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The objeviiye al this report 5 th give a preliminary assessment of the impact that revised
retrorefleciivity requirements #ill have on the State of Moztana, Conclusions and
recommendatiomy are made for Montana’s future management and handling of sipn inventory data.
This vhjective i addressed through the following fasks:

Task A: Roview, assimilation aod analyses of corrent Literature available oo 2 natien-widc
hasis.
Task 1: Discussion of resulis from a multi-state phone solicitation regarding stale sign
management practices and policies.
Task C: An assessment of sign reflectivity inspection equipment andl sampling methodlologs.
Task 1: Evaluafion of ¥Montana's sign inventory on the basis of enrrent practices and
condition of a limited sampling of signs.
Recommenilations of this report include upgrading of, or improvements 4 Monlana Depariment of
Transporiation’s sirn management system and mult-district state-wide retrorellecliie sampling to
better determing the impacts revived standards may bave
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Implementation Statement

This smdy 15 sponsored by the Mantana Departroent of Transportation in cooperation
with the Federal Higlvwvay Administration.  he majer objective of the study is to conduaet an
impact asaessmant of implementing the juoposed revized retrareflectiviny requuremenes Tor teaffie
siwns ur lized on the Biate Highweay System in Montana, Hecommendsnons from fis study wall
aflow an eftective implementation steategy to be determined based on cost, conipliance, and sign

Tranagernent.

Disclaimer

The opipions, ndines and canclusions expressed in this publication are thess of the
authors and ool necessarily those of the Montana e pactment of Transportadon or the Federal
Hipgliwny Admindateation. Alernative accessible formars of this docwraent will be provided upen

To| s,

Pemgns with disabilities who need an alvernative accessibie lormat of this mnlomateoe, or
wlr Tosuaine some other rezsonable accaomomodation in order to participate, should comaet fhe
Montans Depariment of | ransportatian, At: Ressarch Manager, 2701 Prospect Avenwe, Helenas,
ST S%620-1001; Telephane ho (308 44-6205, 1L No_ (406) 444-7596 or Fax No, (404G)
444-6204, Torinore infommation, coreaet the MOT Personnel Services Sectiorn al ¢4060) 444-
2871






Abstract

The abiective of this repore 13 o five a preliminary asscssment of The mpact that nevised
retroretflectonty requirernents will have on the State of Mormana,  Conelusions and recom-
merdatioms are made for Montana's fimne management and bandling of sign invenlorny July,

This ohjecrive 15 addressed throngh the following tazks:

Task A Rewiew, assimilation and analvuis of currenl Literalure availakle on & eation-

wide hasis.

Task B: Discussion of resulis from a molti-slate phene solicilalion regarding, state sign

Managenucl® prachicss and polieics,

lask O Az aszesmmnenl of sien welleclivily inspeciion equipment and sampling

methaodology.

Task I Evapluation of Montana™s sign inventory on the basts of curment praclices and

comslition af a lirmiled sampling of signs.

Recemmendations ¢f this repor inclade uporading of or impeovements to Montana Deparlmenl
of Transporialion’s sign mananement system aod molti-distecr statc-wide reireredleciove

sampling Lo betler determine the impacts revised standards may have.
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Background

The zoal with the placement of any trallie contragl device 35 1o slleetively communicate to
toororiss the appropaats positive or prohibutive actions necessary o oallkva sile foaversul ol ooy
scction of public roadway. Stens, especially, are desipnecd ard placed 10 be eanly and quickly
visible, recognizable. and understood with infmation, poaidance, and warning inlomstion,

Adequate sign reflectivity. ar eeteoredlectivity, is essential ar nighuime sisihility ol Dwesy
traffic conteol devices. The extent of nizhttiros visibiliy ol signs must be such thal molorists
have suffictent tine and distanes to detect, interprer {read), and respon 23 needed.

Besearch (1L2) Wy rocent wears has detnenstared the need to uporade the previoos
roquirements for sign remorctleetivity fo cohancs niphttime viaibility. For many states. such as
Monlana, {lus will mean replacing o substantisl portion or cvartnally all of the signs cwrenty
miliee] om the Stule highway svesien,

N rerorelleclivily standands are boine propesad by the Fodoral Highway

Adminisimtion for agoplion by the palional Committez on Uniformy Tratfe Conmel Doviccs.
Tentalive argel dale for Implementaion o beyin s o 1997,

scope of Work

The overall obicetive of this study 1s to condect an nnpact assessment of nnplementing
the proposed new retrorctloctivity coquirements Foe traffic signs wilized on the State hiphway
srstemn o Monmana, Thiz objective 1s to be accomplizhed through a tewo phase project covering a
perind of 18-months from March 15, 1993 o Septenthear 15, 1996,

This itz report discusses work activiey in Phase [ of the project which consists of the
Tellowing tasks:

Task A - Litcraturc Assimilation, Rovicw and Analysis

Task B - Multa-Seat: Phone Selicitation of Polioy/Stratceics

Task C - Asszas BEquipraent Methadelory for Sien Refleetivity Inspecdon

Tasl D - Evalustigmhosliicaniom of Current Sipgn Tnvenilory

Task [7 - Interim Reporn Recommendations for impact Assessment bmplementation

The remainder of this interim report details and discusses completion of those tasks m
Phase I with rccommendations for impact asscasmeont and implementation to follow 1o Phasc 11

of the audy.






Task A - Literature Assimilation/Review/Analysis

All available research o technical liveranare on sim retroreflzctevitye published in the 1ast
ten (18 years was accessed and assitaulaed from the Nanonal Techmeal Inisrmation Scrvicd
{WNTIS} and Research Mansgenenr Lt of the Mermna Departrment of Tosnsporlation. Appros-
imtately thumyy (307 anliele: and moports wene deemed melevand, o the sludy research, These
publicalions were reviswed and sumrnariced by annolation. A biblioocaphy of these annotations
arc presented mthe sppendis o s inlenim reporl.

Frovn s analyais o] this mlommiiem, selected iopics ol echnizal meric have been
categnrized and are discussed m the following parastaphs.

Ketrousflectve Sign Sheeting Typoes sndd Specificebions

Sign sheeling matenals are specified by class andfo: type | 1.3} Each material 15 referred
to somewhat dillerenly accarding oo the apzncy invalved. Table 1 clearly identifics the
maketials amd specilicanpng involved.

Tablc ¥: 5ign sheeting matenal designutions.

D56 FP-85 ¥268
Class ASTM FIIvwA AASHTQ Field
Designation | Tesignations | Designaton | Designation Ltesignation
— — — Fvp I Uialily

{Mlasgs | Tipel Tvpe I Typu 1l Cngineering (frade
| 143

{’lass la : Tvpe I Tvpe LA -- Super Enpinesring
; Cirade (5RO

'lass I1 f Tvpe I Tope I A 1% | Tvpe ACE {lizh Performance
! iHI*

Cluss ITI “Tvpe 1Y - - Daarnomd Cirace

*Dichotes viny| sheeting

Sipn [Lewibility

There szemns = be soms disagreement n the 1321l a: 1o which combinations of sign
sheeting erades and backgroumds prsduce the brichtest and mest lepible signs. MeMecs, (4

b4



recotnrends that High Intensity stick-on copy, opaqoe background with buttan copy, and
Enmneening Grade with butten copy are the three kst sign aptions 1o legibility., He based this
TaeUTIeTaflon upon cxtcnsive rescarch inclading differant iehing condifions snd differont
enfranee unygles. Meiees also found that standard specitications concerning leuer heivhl and
stroke iy need e be roviewsad, as legibihtye of seandard signs was not susficient in areas o high
wihicle speeds.

ooy and Vse ol Sipn Sheeany Wlegals

Research sponsons] by the Runsas Department of Transportation (3), found that throwsh
investigatien ¢ selested other Slales' practices, lifc-cvele cost analysis, and previoss sheeting
sludhes, thal the trends are pward high-performmance sheeting on all maffic sines, and high-
rerlimmnance sheeting on frullic vontral deviees o the consmuction wor zone. Lncreased use of
the high-perfomnance: mwlemials 15 wlse consistent with the mercasmg ameount of eldee drivers on
the roads caliy. Alsp, there 1s o prowing movement to use shecting with three times the
rerrarrefleeTive values Tor current high-perlomignes malcrials for critical locations, auch as
chnSEFUCtion wark zooes, and areas ol bigh visoal eemplesily. Review of recent bids also shows
high pertoromance signs buve a lower Dls-vvels cosl than malerials with less mherent reflectivity.
These findings are suppotied by other stoliss done for the Adzons Department of Transportation
(&} and the I'lorida Department al T mnsperkdion (7)

E. 2. Russell's reporn {3) suopess thal there are many possible economic analyvsis methods
that could be used, but the Fquivalent 1nitorm Anrmal Cos, (ELIAC method 15 besl suited for
cost-effective analysis of sheeting. Cost of fabrication, installaiion, servize lile of the siezn, and
berefize zrc all part of the analwais, piving the most precise resalts ol all the methods. Bused on
Eansas' slgh costs and bid prices, their poliey af using hizgh-performance sheeting [or Ly
buplyway sigms 15 cost-cfiecdve. The Iife-cycle cost analysis is a very gond tool for states 1hal
have gpprapriate data. It would ensure that the mast cost-effective of the matedals coumreni]y
avallable werr being nsed, as well as developing base data to evaluare and maks seancmis
decizlons on new matertals becomeng avallable. The appropriate dia gesded lor such an
analvsis, is expected Life of the sinn, date installed, wealbermyg laciors, presen), worlh ol sim amd
remaining life, and cost of new materials.

In 1991, the (klahoma Departtett of Teanspormszion {11 adopted 2 policy [ha
required the use of high-entensity, cneapsulated poass-bead sheetine on all red and yellow signs,
a3 well a3 preen and biue s1gns on mterstate highways. 1he policy also called for use of supee-
engincenog grade sheoane on all other signs. 5.4, Ahmed (9) performed eesearch o evahuae
this policy, and tound that their policy to use Type-IILA, high intensity (HI},. sheering on all red
and yetlow, as well a3 oroen and bluc stons on mtcrstate highways was sound and defensible.
Alened alse tound that OPOT requirement to use Type-ILA (SEG) sheeting on all other sipns
el 1o e reviewesl. Although the milial cost of [abrication of Type-IHA (HI) signs was
taghet, lile—cycle analysis imdbieales thal HI sheeuny 15 more codl-elective (oo Type-ILA. Thiz
showrs that a poliey of using TH sheeting an wll seng is econamicully delensible, and ovemil good
practice due to irs increased redlectivity.

o



Deterioration af Sien Sheeting Materials

Dh=lerkoraticns is a problem wich eetroreflactive sizn materials. Deterioration factors
incluce sular ireadiation. high wemporatires and meoisnwe cffeets, photo oxidation, industrial
pollugion, wind crosion, sand abrasion, and sign vandalism. Black (100 sugiscsts that flw best
way to deal with st deterioration 13 i fully dovelop a B Management Svstemn (SRS A
thoreueh eeview of current s1g management proccdurcs shoud be considered betore making
any maper changes. FHWA projeets melude improving ther 3MS to provide local agencics with
amicrncomputer-based predietive tool for use Immanaping 2 sien invertory, Thore are mnany
ways in which comaputers and seannees could aid 1o this process while perlorming held
inspectionsg of the sign ventery. Alse, after the SME 15 izt and wll ol the sivos wme on the
data hase, quantitative saople mossurcments of the reirerellzciive wgms ol sitmlar age
populations cowld be used Lo represent the populsiion ol signs nany given aree. This would
provide a real zerviee e chech [or the His-cvelz analysis being performed by the computer
ShAS.

Comstruetion Weork Song (CW) Sipmny

Usc of relleclive sien materials thal are hrighier ad last longer has becoms the trend 1o
tecent vears, and OWZ sigmine materials are na axception. The benefiss of incteased usc of
High-Performanee redlectzve materials (3145 LILETY bas been demonstrated by nercases m
detoction and revagnition distances, of CW2 deviees. Tlowever, the bonefit of nsing high-
intensity shoetine was wlTset by the cost. loss of durabilicy, and problems with handling and
fabrication (L1 M sheuld be noged that these peoblems with handling, durability, and [sbrication
have znes been electiveb addressed and minimized by the manafacturers of the produscts, Use
of fluoreseent shesting on (UW sinns iz once apain zaining popularty. In the past fluoresconl
W E slening materials Jil nod last foe moge than a year. and sometimes only three wecks, wluch
provemed it from paining widespread aceeptance. Lurable fluorescent stan matenals arc now
availabls that are well suited to bath day aod nighttinie vistbiliny. and have service file and
durabilif thal s comparable t othet CWA sionng meterials, Piamond Crade shesling 15
another alleroaive foo wse i CWEz, of where it is desirable 1o have g higher wrgel value and
refleeliveness than High lotensine sheeting. The cost of the diamond grade shesting wonld limit
il 1o uge in ureus where brizhter, wide angle reflective sheeting is wurranizd, and the eost could
b justiliend. Iuwwould be best used tn arcas of igh ambicnl lghling, wark zones with a clutterad
roadwazy enviranment, and high accident locations with mighlume seeident problems. Another
pond allermulive would be o use this material where sn nersased viewing angle canmat be
avoldel, such 28 stban overhead s1Zms or micrseoiioms,






Task B - Phone Interviews Tor State Policies/Strategics

Phone inlerviews were eonducted to asceriain stratenics and policy decizioms boine
implemente=d by ather states in response to proposed chanzes in sgn reiroreflesiivily
mequirements. owr |41 pensraphically separate states werc contacicd n this regund. A summary
of cuvh discussion is aiven as follows.

! | )

A yneeting was held with Mr. Lowils Rhodes of the Texas Nepartment of |'ransportation
¢TxDUYLY o Austin, Texas on March 13, 1993, M, Blodes indicated that 1310 ] does not
eurmenthy have a consistent or wser fHendly syzlkem o sign invenlary o fesponsive sign
munagement. He indicarcd a compleie, statowide sign inventory @valuation in the near future
wis it o be too labor intensive and cost prolibifive. He slated that with an cxpected s1En
rellzcrivity perfermance g of 8-10 vears, 13 was anlicipated that 10T would awcmpt a sign
vonwetsion to high performance sheeting ol un anoual rlz of 10-12 percent.

California

bdr. Richard Hickman, Sendor Ungineer in Testing and Technelogy Serviees, with the
(California Department o Transportation (Caltrans}, was contacted by phone regurding sign
eetrorefloetivity issues, M. Hickrman indicared thar Caltrans had recently compleied a statewide
survey o the condifion ol rellective signs {12). A represcotative sample ol signs were evalusked
v reflectivity measurerents using an AR'T Model 9200 remorcflectomeler. Sign medsilre Ments
were token ot widely separated interchanaes an sections of roadvays nol recendly reconstructed
and with no sipms dews than 2 yeaes old. various sheeting srades were messured. o summary of
thiz worl,, Mr, Hickman atated that of the total 1000 milcs sample. 77 percent of the signs
mreasurcd would meet the proposed revised sign retroreflectivity requirements. Wr. Hiclonan
verified tht current Caltrans policy was that all new siyns were either SEG or HP shecting,

Kanzas

31, Kenpeth Gudenliauf of the Kansas Department o Transportation (KT was
contacted by phone and enpased n an interdew dizewssion cancerning policics and strategies by
EDOT on sign reflectivity vequirements, by, Gudenkaol indicased that caxtensive research hid
been initiated by KDOT focusing on both gign inventory systams (131 and sign replacemen.
assessnent {141 He stated fhat RDOT was implementing 2 statewide slgn invenlimy progarafn 1o
hepin in 1996 and was slupling a statewide policy of sim replsecment (0 me=t the praposed
mininmm reroreflevlivily requirements. The zign upgrade program wys to he completed over a
ten {101 voar perivd with major eoutes to be dane first and enlire s completed at a dme. This
encampasses L0000 miles of rureal hipheay and over 300 miles ol [nersake Highways, All



replacement signs wil! he Fligh Performance (High Infensity with a ten {107 vear life from
mannfacture].

Proosvlvania

s Eilern Colking in Traffic Engineering snl Cperations of the Poansylvania
Dicpartment of Transportation (PennlG 1) was eontcled congerning sign retorcfloctivity
requirenents. Ms, Collins starcd that the arrent Pennl30T sign replucement policy was based
cl1a seven | ¢ ) year sign life wirth an nventory chanpe cul of 15 percenl o vear, She further said
that within the last year all signs produced have been bish iniensity wilth exclusive spplization of
this s1gn prade on foewsys, cxpresswaya. and other "eritica]™ siens, She indicatod that this
iraplementation stategy was also influenced by Penm 0017y coneem [or the inercasing clderis
drrving populanion. This was confirmed also ks Mr. Arthor Grenemsn in lalcr commespondence
and report findings (15,

Montang

Mr. Pal Brannon in Mamlcnanee Divisien of the Montana Departoment of "Franspartation
(MEIT) weas combacies] vonesming MDT s s1g0 myventon practices, and retroveflectivin:
ceyuirements, Mr. Brannon slated that MDT uscs 5 Bammal sign inventory gathered in the field,
reporling sign sppeuranes #nd condiion, Mr, Brannon swatcd that this inventory is the cuerent
replavennenl leol [or installed sipns, MDT expests a soven (7 to ten (10} vear sipn |ife, and
replavemnent 18 bused poimanly on hinmeticnality. physical condition, and appearance of the zien
a5 1% repogled 1n the s1gn ivventory, Field maintznance perseonef beld primary responsibilice for
malnlendnes snd mepeciion ol he sens {or completion of the sign inventors. | ke also indicated
that BT 15 correnily using Ligh imlensily sheeting rmatcrisls on all new signs installed on the
mierslule Svklem.

hdr, Jert Papiali was also contacted and disvussions held by phone concerning Federal
Highway Admimsirsion (FHWA) sponsere] research (1, $6) resulting o the proposed minnmuomn
retrorelleciivily roguirenicals {or lralic stgns, 3 Paniatl discussed an on-goinp survey of
approzimately forly (40) stales 1o estabilish the roplacement unpact of these revised requiremeants.
Montans was not 2 partivipanl @ Lhe resolts of shat stody are currently not available, 3
Pamiaii alss claboraied on a prelolyps van being developed by FHWA o assist with measune-
merds ol s1em relreretlechvity, He wias nopelsl that several of these wats would be produced and
uvadiable [or sluls demonamoen wse in 1996,

Finally, information was also draws from eepsers an sipn cetoorelleclivity by the
Colorado Departmert of Transportation (17} and the Eenmeky Depacment of T mansportation
[1%].



Task C - Assessment. of Sizn Reflectivity
Inspection Equipment/Methodology

Eeflcetion of light accurs when e fight illuminaticg an objeet is reflected hack Trom the
obfect. The boghtness of the retlecied Tighl is dirzetly related to dhe intensitye of the Lkt sournce
and the type of diffuse, mirror, and retrorelleclion. Dicfuss reflection reaule when light sirikes
au okjeer that has o micrascopically rougly surface. The lisht scatrers in all directisns, and ondy a
arnall amount of bight i5 rallecied bk o Bie light sowee. Because only a small ameunl of 1ighe
iz remuened alang the pati ol the jouident {incoming loht heam, diffuse reflection roaterals have
pocd niokeime visibilite Ao drivers {99,

Mirear reflection wies plave when lighe strikes a miceoscopically smnoth sorface, Tle
light is seflected tham the sutlave sl an cqual, bue eppozite, angle from that ol the incident lishr
Beam. Lawht 15 retumed siirecily to the soures only when the lieht Team is exac)]y perpendicnlar
o The suclase, This s shown n Figwe 1.

Vigure f: [wpes of Reflection
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Fetrercflection occurs when livhr strikes an ohjcet and is refected directfy back to the
souree al fighi. Beeanse a relatvely large umounnl of lizht is retarmned, retroretlective materials
appear bowhiesl, 1o an ehecmver located nesr the Tght souree. Tuis the principle ol retroredlzerion
that is apptied 10 traJlie comTes dovices. As shown in Figure 2, thore are swo hasie trnes of
retearetlectors: a spherival lons and a cube comer relleclor. A spherical lens reflector uses
microscopic #lass beads and a reflecting surlace pinced at the focal peint to retarn Light to iis
solrce. |n cune-vomer reflectors, lizht is relecied successively from the three back faces ol (he
tube and @ redirecied to ths source (9).

Figure 2: Tvpes of Retroreflcerory

_ Bzam

/ﬁrlucted Light

Encidenl Lighl Baarm
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Raflaztes Light Aearn

* } Freanl
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A retrgre(leglive sheeting 15 2 flexible sheet that corsisls ol very large nambar of
sphencal tens or cube-corney weaereflective elernents =mbediled Inoa weatler resistant oanspavent
(. Forreflect eolor, plmment or dve 3 inzered inw the Glm or oodo she reifeetive surfacs
behind 1he retrorelleciivs clemenes, Arthouzhners are a number o) vanal®sos, a3 previously
discssed, the three common pes of sheetiozs wsed onritic conlool devices soe 1)
wrgeerieg credy, 2) sliper-crainosring prade, and 3 high-tmieisine grade shoetings.

Bodl she cogincening and supes-engineeriag prudes are of enclosed Jens tvpe shecting
witl the main distinction between the two being » hixher qualicy glass bead in the super-
cnginceriny grade shesting. As shown in Uigure %, an enclosed lens shecring consists of a laver
ol franspareni plasce of the appropeiate calor in which micoscopic plass beads arc cmbeddes.
The plusiic covenng ciables the sheeting we be eguably hreld under doy and wet condidons. A
metallie rellevior sheld 35 proviced behind the olastic, plus a laver ol adnesive snd 8 pootective
Liner that is ceimnerees] dindny the Dabrication of a teat¥ic contsal device (59,



Figore 3 Schematic of Retroreflective Sheeting Composition
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iigh-intensity grade sheetings are of the encaprulared fens tipe. The glass boads are
aratected by & leansparent top fun that 18 seated in o mesh patterr and is supperied slightly above
the beads iy walls leaving an aiv flled compariment. The back of the beads is covered willya
reflective coat Hecause un air cushion is provided in lron ol the beads, this type of sheeting i3
mare reflectrve than the enclesed lens sheoting, Miceonrismalic relleclors are somerimes wsed
mstead of the plass beads with the air cushion being behind the cubey.

The overall perfonmance of g retroreflective sheeting depends nol enly on the opticat
proportics of the matecial used b, alzo on distances, anzles, alignmenty, and specific vehicle and
zrabicnl lighting encountered on ithe rogdway. Wevertheless, the lominanve properdes of
rotrorctlective sheetings are usnally specificd in tenns of their brighiness,

Brightness is a measure ol |l retrorefleetor’s abitite to retumn light. Tn flw case of small
redlectors, brghimess is measared by the coclficiont of luninous wtensicy, B, in candcla per hux
{0:):1%]) or candela per footcandle (udJch Beeause traffic contenl devices have a refatively largz
drei. 1he cocfficient of retrorgflection, B, huz boeen adopted as a measure ol brighinuss, 3t is
merely the coctficient of leminaus inlensity divided by the arez of the cetrarelector, The wnits
ol K arc candela per lux per square meter (ed1x'm) or candela per foot-candle per squarc foot
ieditedft). Usually, the term 17 is referrel wr g Specific farensity Per Uit Aven, 814, T iz
smporlank to nots fhat the human subjectve perception of brightness ts not linear with insiTument
resdlines of R or B Actenfold increase in brighlness, v measured by insoruments, may be
perceived oy only two o teee Times brighter.

The brighiness of sheeting materialz is always deseribed in conécxt of another nportant
properly ., 15 angulanty which 13 defined b the ertrance e of the light and the ebservation
ergrier of Lhe motonst. These two angles chanee with the viewing distance botwesn the velicle
an: e gontre] dovice. The observation angle depends un the heisht of the driver’s eve with
mespecl o Lhe velucls headlights. whersas the entrance angle depends on the location of the
vehicle with respect to the device. The tenm “angulacily™ relers o the moge of anples at which a
retrareflective sheeling on a control device will remain retroreflective (9],

‘Lables 2-5 presenl the mimmum Retrareflectivity guidelines as proposed oy FHWA (197,
These guidedines are reprisenied in a matrix framesork for lepend-hackeround colot
cambinations of bluck-on-vellow black-on-orange warning signs, while-un-red regolatory sipns,
black-on-white regulatory and guide signs, and white-on-green puide signs. All retroveflectiviy
values are given in B imilz of ed/lxim® and cateporized qy material 1ype, sive, traffic speed, and
mcnriag posilon,

Measuremenls musl be 1akon of retroreflectivity on a cepreseniative sample of signs
statewide ter establish comparative loss of reflectance and compliance with the proposed
it FHWA requirernents. Currenlby, these typs of measurciments are talien with o poriable
refleciometcr. To effectively asses both equipment and methodology, field measurements were
mude,
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Table 2:  Minimum retrovetlectivity guidelines for hfack-on-vellow and black-
QN-0TAN e Waming S1gs,

Legend Color: Black
Rackerpund Color: Yellow or Chrangc

I !
SigmSize: | ==48-ln | 36-in < 30-in
legensd Muaterial Tvpe :
“Bold Swmibot | ALLC 15 0 23
Fine &vmbol 1 AT El} 43
& Word 1I 25 40 “El)
1) i sl g0
| REF. SRR T | ) T 20

Table 3: Minimum retroreflectivity guidelines for white on red regulalory signs.

Legend Color: White

Background Color: Red

Trallie

Speed: 45 mi‘h or proater 4 mi‘h o1 lcss

Sgn Sy [==4%_m | 3-in <=R-m [==31%-in i9-im fw=30-1n
W E W |34 W R W IR W E W R

AH Sians =0 10 G 1t T 14 i b 33 T 4 i |

Table 4: Minimum refroreflectivity puidelines for white-on-gresn guide signs.

Legend enlor:  Yhite
Background Color: Green

Trailic Ypeedt: 45 mich o grealer A0 midh or less
White e W hiate (freen
Ground-rmounled 35 7 15 o
{Iweriead-mounted 1141 22 Bl 16
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Table 5: Minimum retroreflectivity guidelines for black on ﬁ-‘hitc.regulamr}-' and
e signs.

Legend Color: Black and/or Black and Red
Backmrennd Color: White

| raffic speed: | 45 midh oe oreater 40 mi‘h ar less
Blm Bizer | =48 | 30-36 =34 | m=q® [ 30-30 | <=24
-1 - -In An - -In -in
hlzderial
Crround=rrgunted L 20 a5 50 15 20 35
I A3 45 FLL 20 30 25
IIL in il H 25 45 75
v & Wi ETR RE | 120 | 35 &0 | 100
Civerhead-rmnunted I du 30 100
11 At} Ta 133
I %] 113 184
IV & VII S 150 250

Advanced Bewro Technalopy manufacrures a portable reteoreflectometer thar is conumnonly
uscd by Seate Depariment's of Tramsportalion. an AR 926 reflectometer was obeained fieom
MOT o cvaluate and taining wus reveived oo [he curs, wse, and necessary calibeation of the
insounent (200, The highly sensitive nature of (he messursmenl, geometry mesle salibration
MECESSaTy On & slgh-by-glm basis, Problems wone cocoumlersd dunmng sarnpliteg with power
chord durability, and function of the “ideger” o hold readings va he LT displuy. {OMaining
readings on signs taller than 7 [, From smeand elevalion required the wie ol a step-ladder, atcd
IMCHEZUICITEOLE werys ook afluinubles on signs taller than 10 fet |se of the extension rod available
from ART would be helptul in such instances, bl gocess 1o ane of ehese rods was not passible.

AT altermative way [0 usses sign rellecliviee in the field is the use of a spotlight during
dayliglt hours, This practice (2 very Jikely by have originated from a F1HW A publicarion,
FEEW A-R T-20-002, Mainlemunee ol Small Trallic Signs {213 This booklet outlines the use of a
spotlizht for sipn refleclivily checks, amd states that. this technigue i3 valid under the following
procedure, The 200,000 1o 404000 candlepawer light is to be flashed from a maintenanes
vehicle upproximately L0-2Hb feet away, during davlight bowrs, If the sign iights up or flashes
back, then il is a good sizn. Many variations of this technigue are vsed by slule lsnsporaiion
HPETICLES,

Two varations were prosented throuyh interviews with WY1 emplovees, and alsa

thronzh the rovicw of a filn developed by Mississppi DOT for reidew Iy Nuare Department of
I ranspertation Maintenanes Bureaus (22, 233, Mississipp’s spothght technique invalved the use
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of a 300,000 cardle-power spotlight from within & maintenance vehicle. The method was very
siifar t2 the FHWA s maothod wath the cxeoption that the sign 13 flashed from 50.100 feer away
uwstend of [OG-200 doct s laid oul by FHEWA (23 NIT s spotiight techiique has some
wanalioms, bl 13 hused oo shining o farge candlepower spotlight on the signdwring daylizht
hisuers Lram o short disimees wway. Vanations o this wechmgos inelude e wse of hesdlights from
emploves’s vehicles af nipht. Bath direciy gimeed hawditehils, and pazgsing by the sten slowly
wilh 1he vehiche:” hieadliahs dirscted ina nomraal Tushion, eoe commen methads Do this
wAMALILTI.

Fu et the validiy and qualify these variaions ¢ the MOT spollight 1echnigue, & fest
was performed an five signs that were nzar oseman, The signs wers carelifly selected Lo
abtain values abowve, below, and near the mimimum specilied reflectivigy valoe. These signs e
a cahps of reflectivity valoes, varving foom 1.2 w B3, Two ot these signs were oear the trinimum
requirad reflectivity: one beian just biphet, anc on being just lower. After the initial ART 924}
rerroreflectometer measurements weee taken, qualitative tests were performed using vehicle
headliphrs i the same manner thar was described by MU mamtenance persontel (MO
spotlinht technigque).  These Sive siopns weee ail watning signs with a vellow backzround ina 55
mpb zone and 30 inches or l2ss on the Jong ditnension. Phe minmum retrareflectivity for these
sipns :3 23, The first sizn was a curve warning sign. Tlhis sipn had a retroreflectometer reading
af 1.7, and had a very craged and faded appratancs. At night the reaction o low beam
headlights nsing e “pase by’ viorsien of the cchmgue, was non existenl. High beam lights deesw
a limuitca response, Pozitioniny the vehiele perpondicular o Qe sign. the direeted low boams
cliviled no respomnse, and directly amel high beumes ol 103e W no response. The oiher signs in
e conlrol sroup wene lesked i the same vy, wll o which had very pood appeuranes: o
daylight. The signs were (hen tested with o spellighl Inosuyligh! hours, s the resulls are
meluded 1m Tabls b,

Table 6: Evaluation results of MDT Spotlieht Techniques.

- Divectly aimed | Drecdy aimed
Reflectivity | Passine by | Passing bv | From ~ 150 ff. | From ~ 150 ff. | Spotlight
Sign | Reading Low beam | Hiph beam | Low beam Hirh beam in Davlicht
§ L.z e W4Ty TACIT non: VETY PLT HMIT
2 13 fair ool e TN faar
3 30 Tair oond 20003 vory good eood
4% 3% pooT Lair - o vy Eoocd gongd
3 25 VETY oM excellen: 1 excellent b excallent piood N

Minimum Accepled Vulue Jor Yellow hackerownd, siae: 30 mches or [ess, 55 mph min Ra
Walue = 25 odfTxim”

Flhis sign was twned out of the correer alizninent with cespect e the roadway.



Thess results show that the alipnrnent of the sign to the roadway, position of the ieht
with respael to the stém, and mtensity of the lieht soarce ace all Bie factors alitcing the response
of the s1gn,  The conclisions that can be deawn frorn this are: 17 This technique is highly
dependen! on vorrecl alignment of the sipn. 23 Sions thar have sliphely Low ar barderbine
redleelivily vulues do nol geve the corroet results when this techougue 5 used 30 The resalls cun
b ws 1naceurals ws the lechmigue, 4) These technigues are a pood basis for a replacement
GTIETILEL PrOQTamm, g1 ven $16m ] ETmenl 15 oI,

Rigns examined in the process ol evalioning the spolight echnique and the ART 920
were inctuded in oar limited sample in ihe Bosemean Ara in the Bude Disiicl, The sampling
schedule was modeled o obtain a wide vadely ol sign types and sizes. while confonming to the
highwvay funetional classilicaiomns presen in Moo,

Based on ki limbed symple mthe Butte Dislosr, Charactensice valucs from pereentage
] st il meetiny [be FHW A proposed Eebrorelleetivise Critenza are tabulated i Table 7.
Fhawe Brniled sumple resulls ot bosed on the FHWA proposed rotrorcflectivity standards
previnusly presented i Tubles 2-5.

Table 7: Percentave ol signs in coll pot mecling proposed reflectivity standards

S1en Slzc

1 vpe SiznColoee 24 inches | 30 inches 14 inches
Lepend; Bluck

31.2% 455
Ruckgroumd: Yellow
Lepgend: Wlate

34%, 204
Backmonnd; Fed

Legend: 1lack, ar Black ancd
Red 24 1104
Ruckgriumd: White

Legend: Wlate
3. 4%

Backsround: Grocn
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Task I» - Evaluation/Madification of Current Stgn Inventory

With almost 4 rillion miles ol hivlyways and an estimated 60 milkion signs waed by
highway asencies to assist drivers, lhe sk wo monitor the condition of ainns is immense 1o say
1he ledst. beveral problems with assembling sod mausaining an adequate and cornplews sign
inventory stem fram the labor-intensive nulure o] anous] or biannoal dawa coflection. 1deally,
several data-collection items coukl he efleclively climinated by maimtaining a computer database
containing the full inventory, reducing the repstifive colleetion of data such az zsign position.
locstion, onentation, and code designation as given in the Manuat on Tniierm Traffic Conoel
Dievices (WUTCLIN

Chue of the problems of managing eetroreflectari ed raffic Gens, 15 Wlendienion of sipns
that noed to be replaced breause of loss of reereretlectiviee. Sign replacemenl praciives vary
arcatly betwecn agencles. Some agencies ceplace raffic signs on The basis ol drver complainls.
wheoress other: conduct subjocnve visual inapections at night. Sl others arbianly repluce
s1s oveny 3 to ¥ vears, which may result in remencal of sizns wich several wvears of service 10l
renEining or nan-remeval of signs with insufficient meteoeetlectivity, resulting ina wisle of
motey, Hnot replaced, deficiznt sims conld lead o an accident for the motoriat and a orl
Ligbilely case for the highway ageney, A study of tort ability cascs W Pennsybvania found thae
sipmany deieleneies were vkl 4 3 prnmary factor wn 20 porecir of their 1ort actions, second only
to puvemment deliviencies, When only highway accidents in which a faralitr or scrieus imury
o] are vonsidernsd, sipning deficleneies ok as the primary factor mest often cied - 41
peroenl (240,

A roview o MDT sign imvenlory data made available by Pat Brannen of MDT reveals
sy problems and sheneths o current matrdznance efforts 1o the inventory program. Subjective
ileme, sueh #s comments, and condition vary & gocat deal within the mvemtory. A more vniform
objeclive upproach 15 mezzded 4o eliminule 45 much subjestivity as possible, The current
mwenlary practices are alsa very replacement oriented, and s marely complele, includiog ooly
sepns needing repaic ar replacement it any given aresdseellonTomes, The use ol 8 computer-
hased manapement oriented system 13 necessary o aleguately address he Invenlory s & wnil,
Incnopweration of a Scanteon torm to facilivaee Juia collection 1s 2 possibility, as has been
sugpested by MIFE personnel (233

‘lihe Yederal | liphway Administration has desveloped and is refining a Sign Managerrent
Svsrem (535 This SMH bas been developed to provide state and lncal hishway azencie:s with
a peedictive tool for uze in managing a sign inventory, BMY is a microcomputer based system
thar alfows a stzn tnventory to be created and the age and condrteon of signs to be racked (24).
Traffic crsnnecors and others responsible for simy mainrenanoe will fmd SMMS very uzefnl in
determaioing which sigms are hkely Lo need replacement. Yaluable tools walan SAS include
predictve medels lor sign delenomiion [or varsing colors @amd gvpes of sheohing maleniabs,
mmeorpordling shewsiing g, solur radiaion fevels, and geners] anea climsie us pOomacy vanables.



Currentiy. SMS it an [BM compatibic, menu-driven system thar makes assembling an
MAMEHNINg a sign invemory verye syl fordard. Althoogh the final version has not baen
released, careent versioms wvailable ure veer {dendly, sod functional. A losic Aow diseram is
showen in I aure 5.

Final determminaticon as 1o which signs need immediale replacement, and which ones conld
e Left in zervice would require ield verificalion. Proper use and venficatdon of 835 models
and dara, prevent unnecessary sigo replacemenl, ussisl highway auencics oz locadng deficient
signs, use limited maintenance funcs more ellivienlly, und wid in projeciing futece bodgetans
neads.

Figure 4: Logic tlow diagram of SMS.
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Drama regpuirernents for SMY are mare esmenstes and detailed than current data contsdnad
sl thin msl inventary freeacama. P 25 menfioned belore many da Beld will not change or
need 1o be updated ona repalar basis. A sample o the das-entey 1oemal tor S35 05 ineloded in
Tahle 8.

Table 8: Sample Data needs and format tor SIS Program.

LOCATION

[D FEOUTE NAME! R
(<2Al-R- to see route names)

INTERSECT MILETOINT [MRECTION

FOSTTION OEESHEL HEIGHT ORIENTATION

DATA

MUTCD LEGENID
(=AM 1o sec MUTCD codes)

SIZE: W H SHEE NG MANUFACTURER BACKING POST

INSTALL DATE COMPLEXTTY SPLERTY [ISER DEFINED

INSPECT DATE CONITION ACTIVITY MLEASRDEa: L B
(<F9>= Averape Readings)
MAINT REQ'T2 COMMENTS

RESULTS

AVAILABIFEHa: 1. B

REPLACEMENT DATE

REQUIREIYRa: [. B
(<F3> DISPLAY Special Keys)
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Task E - Conclosions and Recommendations

Rased upon the previnusly discussed work setivily conduciesd in Phase I - 1.2, moctings,
coatespundence. interviews, limratiue review, squipment oilzzation, rellectivity samply
PHEISURSITENTS, 220l INventary evaluation, ete. - the lollowing preliminary recommendualion: 4

ctffered:

.

“ad

The national trend by Stae DO s inresponss o the proposed FHWA ouninmon
sipn revoteflectivity requiremenl i5 o nudi-year plan oy complels highway siim
eeplacement with high performance (high mlensity] sheeting. The Monluos DOT
should strongly consider the same. TTawesver, i4 may be prodent 1 delas [yl
implemeritation of this decision a5 MUITULD adoption of requirements may he
mabled as a “politically meorrect unfinded mandata’.

Tsc of the portable reflectemeret equipment (ART 9200 in the fizld for atrict
racasmemerids of sizn reflectivity 15 cwnbersome, tine consuning, labor
ntensive, and thos costly unless incorpocated with other sign inventory data
colloetione The wtility of the FHW A 3obile Sign Feflectometer %on as an
cxprdile measurcment tool shonld sdbl be investigated, possibly v Phase I of
thig study. Conorolled spotlight sescesment £6r sign replacement duc to
dmimished refleclivily seems Lo be g workable altemalive, Delmile and viable
procedires 1or this lechmiyoe need 1o be esiablished.

Preliminars sigh retroreflectivile tnegsuremments taken inthe Jutte Nistnct, has
allcrwied 1he deerminamion o s siaiewile sgmpling plan 1o be conducied 1o Phusse
IT of (he stuly, This sampling plan and methodolowy 15 based on mininum cell
rogiremenly Lot sldslical exirapolation and 12 consislenl with other similysr
sampling conducled oy FHW A (25}, Iralso can be aveomplished willun (e dme
and budgel consirainls of A rescarch contract, Tahle 9 details the minimim cell
mAlTix progeclion: Lot cach of the v (50 MDT Distoels, The woinl miniaum
slilewdde sample o estemuted sien redbeeiivity messurernents 18 T{H0D gr 2(H) per
PDisericy, for hod Tnlersiate and noo-iniersiaie eilities. 1Lis anticipated that the
interstate sample requirement will e [l [ed by carrent work in progress by
CHZK TR Foe BATXT

Cgrently, thens 15 ne signiTieant or comaistent sollestion ar madnoenance of sign
inventory data for wither tart lability docwmentation o replacetent manapement.
Stadies by othet states bave emphasized that, while necessary, the instimition of an
effective sign manasement systetn with the associated data collection 1s a costly
endcavor, Fecogoition of this has led FHYW A to develop and offer 5 rmicro-
compuler based Sign Manggement Systemn (5ME), with support and toaning, o
Stute T, 1615 recormmended Thyl M adopt tns svatem tor the stated
purrse. Bois further propised that e assist M2 in implementation of the SME,
the research stucdy condact a pilod demonsteation of this systemn utilizing sian
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Inventory data collected In thz Butte Districr by student veluptests from the
Tostitwe vl Transperiaion Engineers Student Chapler at Montana Stane nivarsity
(WSTU-ITE)L The comuep! Liws been previously discussed and coardinated with
“ir. Pul Brannon al MIT. Finul details o thiy vodonteer efforn hetvesn 1T
urigl WRL-TTE mse 51311 e newoniaged.

Table * Proposed district sampling schedule for hMontana sign reflectivity study.

ains per Cell: Mimmuna ol 25 franderaly selevlad o be represeniative ol comdilons
Jurisdiclion-wide)

Ioterstate Thevipnation: X
Mon-Ioterscate Desiroation: Y

Legend Color: Black Backgroond Color: Yellnw
Sipn Size = = 48 inches 36 inches = 30 inches
[ Lezend i Material Type
Al Logends I {T5) [ X LY Yy
I ES N

Interstate Thesipnation: X
Moo-Interstate Desigmation: Y

Legend Color: White Background Calor: Hed
Sinn Sire > 48 inches 34 inches < = 30 1oches
| ezand | Material Type
All Lrgends . I (BGy | X X b
NIECEN

Interstate Devipnation: X
Mon-Ioteratate Designation: Y

Legend Cuolor: Blavk and/or Riack amid Red Backaround Color: White
Sign sire = — 4% inches 30 mwhes < =30 inches
Material: X k4 Y

All Tvpes

Interitale Desitoation: X
MNon-Interstate Designation: Y

Legend Colar: White Background Color: Green
Bulemal: Mizn Size
Al Ty pes Al Bizes %

hinimurn Tatdl Number ol signs to e sarpled per Diatrict: 200
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A _HReview_of Kagsas Department of Transpiciation’s Beflective Sheeting Policy, Final
Hepnrt

By B Fussell and B Hypa, 1992

Beport Mmunber: E-TEAN: KSLAY2.8

The maie objecrive of RS study was 2o delevmine The hest, coxi-effeciive policy,
consisten! With safcty, for slen shecting neoterial to be whed o sigmes cnd corsirigiion
work zope e contrel davices or Stare Righweaes in Kansas, Vhe lnvesiiation
consirted of veviewing Tirgrature. comacting mowledeeahle rratfic engineors arul
resecroh. conductng o yuinvey of relecred States | practice, conditing a life-cpcle cust
eiwdhnds, and reviewing o previows reflective sheoting snatly condicred for the Karsas
Deperiment of Tremsporiaiion fBelloma-Meleee Ine., T9R5. Amora the conclusion af
PRI stuche ore the following: (1) Kansas far am: State) shiaeld Rot change o profics on
Yigm vefleciviiy of thiy fme e W the cxtersive FHWA research pragram wrdemaa. 12
The irened iy foware hgh-pevformance shecting on all or mast feoffic signs. (3 For
wrepffic conlral devicey in convirigtion work zores. the trend i also roward Righ-
performance device. (4) There iy g ymall bt growing fred o wse new reflecrive
wmafericls with three times the reiru-reficoiive voluey of the presemd Righ-performance
maferials, g tedi for critical or special logaiions, (3 For Weh-spevcd Bighways,
wnewhere o critical velicls mumenver Iy mecessary enel i greas of medivm ie high visug!
e xity, figher vatues of siva lemlmerece gee reqired for safere. 08 Oider drivery
aare icredasing b M LN drivinyg popdation ged thedy visto! needy ore geeater than those
of yowenger drivers. The higher retro-reflective properies of Sielh-performanes maicrials
prehunee Sefely, particularly of wider drivers, by prendding eveeier corspicwin iisiawes
anct siightly inereaved legibility dtviancey for g siven vige yize, (7 An analvsiv of
recert bid dedor S BOHS showeed i Sower grmuer! fife-caole ool for Righ-performance
sigees. f8) Phe eosclusions of vhe TR0 Rellomo-MoCree Pae, Reflective sheeting sfudhs
were valid ard appropriztely Boved on key avadlehie studies,

Comparing Sjom Materials
lowrnal: Bettzr Reads, Julvy 19495

When comporing sign morerials, consider cost, warranty, durabiline visibifing,
rersakiling, and levels of perfarmerce.  Ever if vour qacrcy is fust considering an
uprgrade i mteriols, aff prrgmetars st be covered. A discussion of funding coRoerRs.
crerst coveed Benvefils wssiecioled with siprage apliones, visthility reguivemends, v guestions
thee mewsd &Y be doiked befire making g ovign skeeiing maleriod purchoe.
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nmpube rized 8i

By C.C. Eurl, C.C. Ther, H.I Melhchn, and BLW. Srolos, 1994
Feporn Mumber; E-THEAN: ETRSTI-494-4

Thic phjeciives of 1hiz study cre to evaliate Ransas Deporéntent of Trarsportating s
FREHT el for sigan ivertor): idara mid informarion: determine existing soft ware,
fardwars, dialabase, wnd vdee logeing vesosrees available in KDOT, awd Investivate
enverileeble ared petereiod siyr ivermiory copdicariony yofhwars which is comparible widk
KOs Cleggraphic faformodion Syviem 03150 directives  This repart sumimarizos
Jirdingy waed Fecommaruliore to KDOT far exgblivhing a compuierized staewide fign
ERTVENIONY KLY

Nutervration ol Belroreflective Trallie Sons
My 1.1 Black, 5. F. [[ussain, and 1.1, Panian, 19452
Touenal: ULE dournal. Volume Sanber: 82, 15sue Nunber: 7

The vesulrs are preseried o the reconily compilered sted)l, Nervice Life of
Retrorcfloctive Signs ¥, complered by the Foderal Highway Adminiirratinn which
investigared the jactors thar couse the deterlovation of velrereflective sheeling o
slrimately reduce the effective service fife of sioes. The Sted) focised on the twn meost
commonly used sheetings: Dvpe I engineering srade; and D IH-A, high-performeaace
grade. The PHWA has developed o sigh mendpemort 51estem for mareging sieH
replacemen programs and for ilfmededy assisting b meaimtaining o piinfram level of
refrorefiectivity. The ahiling vy predict the service life of o rrafifc sigh iv essential to
implemending the sigh managenent sysrem. To aceomplish this, sted) ohjectives were
estahlished, the fivst af which focuised on the factors that conse Sign fleetbny
dererioration. 1o evoluate the detorioration foctors, o natinmel dora collection effort was
widerzakers This paper provides an averview of the data callection effort, and selecred
Pesitles from the sample dars see

Devises at Constrnetion ¥ork Fones. Final Beport
Bw &AL Alwed, 1991
Bepoit Number: FHWASOR 91006

The overall akjective of thiz project war ro mvafuate te valative adeguacy of e
EHETRECTINE grade. Juper-engtnesrine ayoly. aml Afeh-fnlensioe grode vheelingy wihen
uyad on fraffic comirol eviees @ CoMsIrReeR work zongs  Svalparion oriferia nicleded
drrver visibiline meeds, durebilily o coonomcs, aed ather praciiced consideralions. To
meed the obfeciivey of ikis projecs, o reysarel plan consisiing of lerolure review,
cerdlrolied field experimenis, real-warld fleld experiments, ooceleraied weathering tesrs,
swrvey e € Mobedhome ivaffic conteal condrectons, fad econonlic aralvls was adopted. The
results of these ks formed the Pasls for the findings and corclusions of tis sty
Mitile the higf-inrensity prade sheetine has the highesr targe? value of te throe sheeting
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grades, the fradeoff bermween devectinm and legthility of traflie conmral §iong wis
imierpreted 1o faver the ure of the Tuper-cugieering prade o sivhs i ol wehar o
Farg! convrueiion prafects. Durabilin:. econonucs, avid other practical ivues
gmphersized oy wraific controd cartraorars snort s conclusion, Nevertheless. wye of
fhe: g h-fnreszsity crade sheelfg 5 uebon contmruotion prajects man be warranted ul
fowgpdteny with wivwe! oluiier ard cxeessive dockerovnd lights, The beneficial effects of
s acling e e of wheeting wved o barvels, barricodss. aed vortical poanels fvom
erprfaeering rreple fo Righ-Triensine grade or super cHEireering arade ware desionstrided
e Hhe wineficound ingreaie in bath the detvetian ond recogriticn distarces of these
cevices. Vel the henefity af vogreding 1o the high-intensity grade were found fa be offve!
b the sigeificant increase in cont, e Less durabifidy of ke sheeting maeriol, and ke
bty with fatwication und keadiiny Upsrading fo swppee-engineering gvode offers
the maost eost-effeciive amed buloneedd solwtlon

Durahle Floreseenl Malenals Tor the Wiork Zpne
by 1200 Buens., LA Pavellea, ancl R.1. Asnm, 1953
Jerwrpal: 1rangpoctarion Research Recond, s Numiber 1404,

Canstracrion work zones /WL are o mafor cave of concern for Bisfiwey cnd sgfety
ergiers. At ey given rime CWZs carstiture onlv o spall froacrion of the rotal rogdway
miles, However, ey arr the site af aw increasipg mmber af roodhwey accidenrs vock
yer. Tl irgffic rafeny industey has attempted ta Fespared to iz problem By providing
brighizr relrorefliective sTgn materials ta increare the nighrtine visikilioe af the CHZ,

The cgrglly imporiant need for increase davtime visihiling has prompred raific engineers
v experfen widkh fluorescem colors in the CRZ Fluarcsoent colors fave outstanding
visihifiy: wrndey ool davliphs dvivivig conditions. Even ro, flusrescend calors lmee Rever
aclieved widesproad peeeplianee i1 oltdoar slgring applications. The prinry abracle
v et very poor color veabiline of fuorescert signine maters, A apical fuovescent
Ferctlhny wrgrn feey fowt weowe, el eell of iy codor within | vege Ofter i T anly o matter
of MRt o weeks, feoer developmerly hove rasilied in g redefinfifon of conrribntion
theet flugre voenl codory cor mahe fovegrd roroviag fegfife vafely, A fuorevcend
refroreflective vheeling wilh color durgbiline sinrilar o exiviing CWE sheeringy 75 Row
avendoile, A fiold sfuche way ruw fo compore the visibiliov performanee of thiz fuorescent
redrorgflactive yheeling thal of comvertiong! feoresee i gad ordingre rerorefiocive
mreperiony. The resaliy of Ore viugly fafoore rhal fleorescemt redroreglective sfeefding
Proviie felter gdowime onel Rigmidime viviAiline thar oo orglineey sigaing matoriofs,

Evalmation of Dijgpond frrade Ieflective Sheeting.  Final leport
By E. R Agcnot, 19935
Boport lumber ETC-%3-8

The abfective of hix prafect wiiy 0o Rumior (e performwmce of e digmonad yrede
shewdingr wizenr tevea iR Aol Cepdensd fren Tl sty ol cons Ozl s, The cdurinhifile,
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appeavanss, ord reflectivity af the signs were manitored Diamond grode sheetings weed
et fypivad trafific sigmy were evaluated over a fwo-pear peviod with caRstrucrion Sl
evaitiared aver wa IN-month period. Diamond proce sheeting ways found to provide
facreased reflectivity compired to Nigh fdansin: sheeting with an problems roved Felared
o duradiline ar appearance. However, the cost of Hie diarond grade sheeling would
finuir its use fo sfriarions were brighter, wider-auple 1 affective sheeting iy varranted and
the increased onsl caie be jusitfied  Lavavions whore the 1se of chicemaond grode siecting
showld be canvidered becare of ity Aiher reflectivine include the fidfowing: £} signy in
a@reas with Migh fevels of umbiens fighuing: 20 work zonos (especialiv in urbom locotions
WRENE the raddwey ettvirommend iy visnollv clurtered, and ¢2) Mgh aocident toealions
irvalving a mighttime aceldent prodlem. A locarion where wie of diomord prage yheeiing
canld be considered because nf the Invreased viewing angle would be fin overhead sigrs
iz wrborr avear Fliese increased aayden wonld oily be a facror when the driver i
alfempling to view e SR of & locarion oluye o the sign which could he the situartion o
nrbis Brersecions.

Evalnation of Reflective Sheeting Grades
By Commonwealth of Ponnsylvania 12epartmenl ol Transportaton. 1993
Bepord Mumber: 4700 AHE (7-3420)

New imprrriid yreedey af vefiective sheeting malerial hecame evailable during the parr 210
yeuri fur use o traffic siens o pravide hettor righttime vistbiling under beadlich
ieminsdion, These mew grades are not anfy brichier during headtiphe ithimination, bur
they wre aise more durable. This poper eviductes these mederinls (o deiermine their
regpective cosi-effectiveRess.

A review wnd cozalvsiy of Pevnssyivaric Deporinment of Transporialion’s wse of
refrarefleclive sheeting grades, comparison of the plysioal differences. o

effectivenssy, gl vofen bencyits hetween these grudes of sheeting, The
recomemeacifiony were i convert all wavaing sigas that are cureertly nrade from
ergldeering wride sheeling (o Righ intersity reflective sheeting materiid. Thix conversion
vl he pheeed bt ey rgpiidly av ihe Departmnesr can Lperuds the meces vy

heendling ilorage regadremaentys.

Evalnation of Retrareflective Sheetings for Use on Roeadway Traffie Signs
By 5.4, Ahmed, 1994

1Le et Mumber: B DS ASDR 95002

The primary obfectives of 1his research were (o evalne the Oighoma Depariment of
Tramspartaian s (QIWIT) palicy ok use of redroreflecttve sheeiing produces, ard o
eyt i) eI RECESSERY CRARZES Fo TRIS policy hesed o driver visthiliiy negds, durabilin
of sheeting prarevialy, Hfc-cpele cosn, and other practival considerations The scope of
i slwdy Brelided (Rree npes of reeroveflective sheelingy fenpimeering srode, super-



engineering grade, and encapsuwloted-lgns Aigh-irnrersiiv shesitng), five sheeting colors
fwhidze, red, vellow, rreer, uned Mlue), cnd fwo sier febrication methods fsoreening and
averia.

The findings i WS stuchy suppest thar e specification of e TH-A trich-inreryily,
ercapsulated gloasy bead sheeting) o ofl red and peliow signs, as well as green aned hive
sigrs on indersiare highways and freewaps is sovnd and defersibile. The requiremend vaid
type I-A fvprer-ensineering grade slicering? e wicd on all ethier raffic sighs, except
orange culored sgns, needs e be cxamiped. Althangh the inifal cost af sion tabricarion
For e JH-A vheeiing iy 255 fo 93%6 higher than thar of npe [F-4, Bife-ovele cost anclvsis
inclicotes Mant vpe J-A 75 more coxy-effective thom npe T4 Evidence from visibilin
disigmer gealysey gnd sufjeoiive evainarfons made [y e et yudiegls sugoest thar, #
afeliffom fo woyraiiing ypn Fuerioly fo provice preorer Tuminanes, avger siem sioe anol
diztfer yize wve needed foovarishy e mpimue veguired wisthiliny slictoacey, portiewlorly ol
Rk spereed, Risrh roffie velume, and Seh visual comgplening Incolions,

e
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High-Iniensily Reflective Materials tor §
By B L. Rizenberps, 1974
Report damher: Hesearch Repore 197

Fieldd nhservations arad laboralon. iests aned evaluanions were conducted or High-
Irtensity and Enelreering Cirade moteriols Dcorchiite). manufocrured by the Minesoie
Miming sond Maegdercturin Crunpary, arsd were compared in regord fo reflectivin.
dwruhility, asd cost The High-Intersity (rrede meterials were found to have pwstarding
rerforiience characteriitios In comparisarn o Eaginesrive Orade wmarcrials. The
megericl siprificantiy erfiorces sipr legibifine wader lone-beam Thumination, ard
aecederated weatfering tesss showed superior durabilin:

Imnplementatinn Siratemies for Sign Retrovetlecfivily Sandards
Ly kL. Black, H'W. Mciec, and 5.F. Hussain

Weport Number: 346

Afinivamn ratrorefieetneity searulerdy for fegific vipes are carrenliv heimy condereed oncd
frdicationy are thot siandaedy will be faveitted in the recr fulure, Prior o the
ertaklisimmen of refroveflectivity siondords rwo key wones muest be adldressed: (1) ferw
will the stowmdards by implenierved gnd (2) how mech wild the standords cosr ferisdiorions
for replacemend pmd minienomncs aefivittes. { urrently only wew purchace specificarions
gxint fir permonen! und feptporecy broaffie shoms, The rerrareflectivity specificariors
measured i terac of specific Intensite per wcll ared (SEAF are pelared (o maomfocnrer's
worronlies s were ot esranl e howed 0R matalizt weods far sigm legibiline

Minineun retrorefleceiviny: srarndards Jor ratfie slprs based on legihiling reguivemernty ore
reedeed



The research found that the coonamic impacts af stondards will ke hardesi felt by city
Fawiseliciiors  Thiz iy becanse of the relarively poar condition af traffic siens an city
rachweny i addition, deficient green sipns accaurted for o disproporviionate shave af
replacement casty gorass @l furizdiction npes. Greew sheoting, cspecially exgiveer ing
grece, hay relfer low retroveflective properrics. (e of the minimims stondards tested
here for areet sheatiRg wiy aeivally hieher than the delivered Rew specification
prexeribed by sidey o the FITH A for engineering orade sheering, Oronnd-moured
srelede yigre aalner cerd Fo De ol Lt rwice aF hvge gy stardard warking and regulatory

sig fhevefiore, O cost o reploee pronmd-monnied suide siens B nearly doulle that of
b Traffic sigas.

Fhe resecrch repnrted fere testeed twa seis (e lower ol upperp of retroreflectiving
sorrslords. The Inwer siemdards shodd Seeve minind econumis Intpocts an most
Jurisddictinas, Mowever, De apper slandods wonid fove o eviveme fmpoed 0n sivRine
Suchrely. Adaoferance fn the wpper shoncarols conld Coss e To vt ey oy mued oy
currend brdoets. The estahlivhmers of vrefroreflecitvity stuneiurdy hetween the lwo gely of
slarrclords tested fere wondd S0 horelon some jurisdiciions. However, the anticimoaled
Rrameits of redviced Hohiline and baproved public sajely eould affser the additionad
INCTHTERONES COSIR.

Hepore
B 3 A Wapner, 1989
Report Swnber: FL/DOTAMOS57-89

Fhis study frvestipared the duradilin: of sign face materials through field swevevs, the
cifecr of weather conditions faew, mists, fog, smako, and rainl ar Sigh porfornunce. the
cffecr of sigy angular position on preverting the specwlar mivror probicm the cffect of
sign lateral posirion. the gffect af marerial combinagrions an legibility and detecrion
aistences as Measuered by swall sign elemenes and through o survey of lavge guide sighy
i three Flarida cities. o part of the Ivestigarion ser the level af speciffc intersine per
1rit af area marking the end of service Nt for reflective sheeting and aerylic button
reflecrors and the level of appearance for rowrgflective porceiain enoanel boaekgrourds.
Rocommendarions are mode for an spdted specification for reflective sheeting, @ oesion
roficy wsing corddin materiol combingtions for different weather and Fogobwens yiiuge tors,

fmproved comired over seveened colory, wre of Tyoe I 4 sheeting, anyndar prouing of
EFEns, el etler Ivypey.
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Legibility of Erepway froide Signs as Determined by Sign Materials
Bv LW, Mchees and 1113 lones, 1987
Jommal: Transportation Kesearch Fecord 1144

M this paper, vesilis of ar opcrationa? study imeeseigating the legihiliny distance of
wnlighted vverhead guide signs ave prosevited. Opague 8ipn hackprownds as well g3
ERETRECE. Shper-cigiveer, and high-inrensin roflecrive Shectings were ased in
cerrbiviatios With Initton-remaniahle and ieh-intessin roflective copv. Tere we ma
significant differeree between Nphred ond undichited sfans by slon materiol Several §igm
comtbinations perforined berfo) thaw silicks. Eneinesr peflective shiceting was lepihle of
mora than 200 71 Borh on the fighted cand on the whliphred roiites, whereas ergrireer
refleciive shecting with Righ iutensing seick-on capy wes legibie ar 775 it dighted) and
Ga A funlighied), The following combinarions wers visible af more Huzn 800 fo super-
eapineer halon, Aigh-tniensineetek-on. aul super-engfreersiiok-on

Tetha oy oy Boevi ct-Effectiv
Bv i, Fvs and BB Fussell, 51, 1993
Jourmal: Fourmal of Transporiation Cogineering

Koemven Slde liniversidp comclicied resecro fine e Koaasas Deporimen af
Prarsportation fo evaluate theic refroreflective sheeiing polic). This paper preseriy o
recamimernded methodalog) for conducting o life-cpele cost aredyris wusing Kansas enst
fipures and hid prices far o sheeting types as an excmple. A SO-seate sumve) wmenvered
Ry Fow SEaReR ot Bad ever done ad coonomic analysic of sign sheetine. AN were nld
studies end pone wied life-clele cnst-onelpsis technigues. Three tgwes of sipns were
anahized. It was eonedweled that Karios podic of weing siges witll kigh-recformeaance
sheeling wak conf-gffective. hese cnmelusions are ot recesiarily valid in orher stees,
atteid eriedr Py materinds were wied In the erampde becawse valid cost figuives were
crvaifalie ap ouly twn materiols. An anolesls of lfe-cpele cost peselts made availehle by
severad states would Pesadt I o sicnificanl contrifrarion to Darionwide resulls on all
marerials used in the United States wnder cotual condirions.

Minimum Retnieflectivity Begnivements for Traffic Sims
By I.F. I'aniati and D] Mace, 1993
Report Munber: FHWA-REB-R3-077

Thix summary peport prosenis prinfmam reerorcfleoivity reqrivements Jor irgffic sigrs by
SRR fer GOfRE the mrnTEnen ad et vividilioy reguiremeniy for regific coeol
devicey, Cwerreaily, melonol guldelire resarcing the piyhitime cisibility of sigry ore
HNmifted Ly the stipmidation n the Maraa! on Uaiform Traffic Coxteal Deviess for Sireels
ki Highwa)s (MUY that gl warking and regulator) sigrs be iliuminared or
reflectorized to shaw the sapte color and shape 5 oy or niglt. Ghven the wide pange of
vigiral, cagritive, anrd pspchomoior copebilizies of the driving population and the
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SOl iy OF he relaionships between the driver, the vekicle, the sign and the Foadwory,
o matiemaiod! modelRg chpregel was wed.

Mipimum Rotrorcfleetivily Regnircment
By I.T'. Pymimi and TIL Mave, 19595
Bepire Mumber: FEIWA-RIX-B3-152

Clwrrentiy, marionad guidelines reyording the riyftine visibility of signs are limiled iy the
sliprleition ive the Monoal ox Ukifore Troffie Corarod Devices for Streets and Highwaes
fAEPCEN that all warnivg: and regudatory signs he illutminated or refleciovized ro show
e Seerne endor aned shape by doy o aigphd. Cliver e wide pangee of visuol, covaitive, and
e pchiomotor capohilivies aof the deiving popudolion and the complexing of e
relttionehipg berwees the driver, the vehicle, the sivy and the rasdway, 2 mathemiatical
macleling appreech was weed. This iendel dotermines the divtance at which o driver
MEEAT T FEE & Sis, Uies TR distanee fo deterriine o luminance regquired. and then
calonlares the coefficient af vetroreflecition at standard measimemert argles. This moede!
i catled Computer Analysiz of Retroreflectance of Traffic Siges (CARTS)

Ouotdeor Lesfine of Reflectixe Simn Materials
iy .. Mertieton, 1983
Report Number: HTO-21/10-820 204 ENR.

Newrie reflective sigrs on Sarfonal Forest land ore subfected o cxireme femperaiures ol
s durial. Ficld unite nared tie veflective sheeting peeliine from thexe siws qffer onfy
afe winter fn f972 the Mizsande Egqiipmenr Development Center (MEDCT heeon fesdinge
autdaor sighs of varfows subsirares. veficotive sheeting, applicaiion fechninues, ard cleor
coatings. The goal was ta find the right combinarion uf materiels and pramfocinring
PPACesSES ta produiee 2 reflecdive sign that weald remaln matnlenoree-free for 7 peors,

The 20 Co. qareced (o ioke poart in the festing fr T876 twg olfer sheéeling monufeciurers,
Avery Fernafional and AdiisubishidSeiby Internationd, joined D festimer, and bz 1970
Reflexive Carp aaed Cervonrile fteriationsl Beane peorlicymedfegr,

To dale, owickoor fesling fuy ldemtified a avmber of combinarions of sunstrode, reflective
shecthng, apriicoiion Technigues, edue seal, wmd cledar eoatines thar will extend the
serviee Bife of oaddoer reflective s, These fesd fradings ave documented and Hie
speciic combingiiony recummernled for munujaciring Foeesr Service SIgnRs are
cxplaineed in Gl
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Relative Visibility of Increased Lepend Size vs. lrighter Vaterials fi irms
B The [ast Besource, [ne., 1994
Hepar Number; FTHWA-RT-04-033

fite ndfectiae af IRy reéseareh was fo deteraiing the relative convploutiy and legitiline of
sigay with differert retroreflective materials contalning leoonds vyl different siroke
widthy und orher cyistic verigiions. With reapect to leaibility, the priveipa! obiective
Wiii® Tt determing the fond, sivoke Wb, @i spacing ot woild provide opilmuem
Tegfbdiiny for sach vetrureflective moverinl tesred. With respect to corspicuily, ihe
chfective wok i delermine the detectonirecpgmition distarren under carirollod and
camparabie visual sureowndings for different muivelaly and vizes of siors with optimum
legengd sirole widrh

Research on the Enaf of Life for HefrareMective Vateraly: & Propress Report
B I F. Paniati and H_ ™. &chwal, 1991
JTonmal: Transpowtation Research Yecord, lssoe Bumoer: 1314,

The siaf of the nafaerally coordinated program for retroreleclivity research iy
ehesoribed This program wos developed wnider the puidonce of the FEHWA Offce of
Serfety omd Traffic Coerarions Researclt ard Devefopment The goals of the program are
o determine the end of Nie for vetrorefizctive slgre amd marfings amd o develop the emd
af fife for retroreficetive signs and markings ond rr develop e recessiary megysuremery
g mamagemernt tools. Included are disowssions of the fuean focirs research 1o
getermine the end of Kie of retroveflective materials, an econamic analyses of the impcs
of deteriaration of sigr mazerials, the developerent af compaer soffware o moRgee sign
Prrearboriey. @na B esigh of Bow MSIPUMCHNS fo measure the refroreflectiving of sioms
wnel makingy from o moving velicle during dodiph?.

Review al Retroreflegtive Sign Sheeting Materials, Practices and Policies,  Final Keport
Fry 3. W, IFlimsch, 1953
Reporl Momber; THWA-AL SP-R504

The Avizowa Departntent of Transportigion (ADOT s inferested in establivhing
mrinsmaen relvovefleciivity reguivemenly for yigre sheeling wsed on the State Highhway
Spstem. Thix stady corvisled of a thorergrh lieraiure voilew of minimam refrorefTectivin
Recdy ard o Rationide st vep witlch idereified Hpes of vheeting wed and syage policies
among the gares. The distonce ar which o sign cas e detected and recoynized must be
greater Hran the visibilioe distanee voguireed by the driver to moke a decivion ead inftiple
and complete @ wamraver. I recesrary. Sthco art wight visthifing is hefoltered primartly
by retrer peflection, there must be o minimum retrareflectiviie PEQuiremeR? thal assures
the vigibilify disterce Feguived v Hie deiver. Forty-ofght sertes worr surveyed regarding
wige pheeting omd L storey arswered che guestionsaire. The resporses shawed thar most
wlevtey drorve o pedicy et eetablishes ihe npe of sheeting need for cach sign class,
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Hovvegver, mimimym roflectivine requirements (514) are used moly for merchase of new
Yigees und new xign sheering The meost recant stodh on 584 was peciormed by Ofvos gt
the University af Michigun. e conducted a feld study of sign conspicuity and
FecoORIEnded IR Fedroveflectiviny requiremants for soveral Dpes of sioas
depeRding on the compldexily of the srvoumdings and rravel speed. Additionally, FHWA
i srousoring a peafect that will delerming siimum visibilig reguiremenns and the leved
of retroveflectivity reguired fo solivfy Mose reguirements. The values determined by
i appear to e kivh esped fally for Righ complerin: areas, Pur e sted) Is the hevi
currently ovanloble wad Cison s 814 valves were wsed in this study o estimare the
slmileant grode of vheeling recessary fior each yige tvpe. Comsidering the seonomic
ipact of usihg meve vefroreflective vhegting, i aopesrs rearonabic o wait fop the
Fesults af the vesearch sproasored I FFIT 4 before reconmending o petrorefective
shecring policy for ALOT

Service Life of Retrovefleciive Traffic Signs. Uraft Report,
By K.L. Black, HV . WcGe:z. SF. 1uszamn, and 1.J. Rennilson, 199)
Frport > umbor FHWACRD-90-101: NP 34A2ATI122.

The abilite to predict coefficient of petro seflection vadues for in service fraflle sivay iy
eriviend for e Federal Higloway Adniinistearion s (IPEWA '5) Sien Management Sypstem
AL WRDT the BMS, fools for predictirg in servics relroreflcctive performanse of
fraffic signy and for determining the matorist s viswal reeds are required. The research
which fucwses g e melorist s needs in wring of feaffic vign fnntinance, legibilite
dixlence, comycwiry, g, iy on-gaing by athers. The project reported on here evaluared
the effecis of clamatologicel owd geagraphic variakics on sign sheering deterinrarion. 4
wesifoncd dpee collection cffort was undertaken.  Larg samnples from 6275 wrafiic sigry
were pollected goross the counery. The date collecred included: sheating retrorefleciivity,
gromnd elevarion, oricmrarion to the sim dote af imstellotinn, cheeting 1pee, eic.
Adethematioal equations were develaped wsing the key dererioration varialdes o predict
ir service cogfficient of rerroreflectiving and legend to backgrouvid corerast ratios. The
wcrte liffriowdly in modeling sheeting dercriorafiar was the reswlt of the vavicrion in ihe
veefficin of retroreffectiviy for new sheeting.

Sien Ma S
Bw L&, Dhepartoient o Transportation, 1982

The Sigm Murergremen! Svsiem (SATS) hay been developed by the Federal Highay
Addminiziration Cftice af Rafery wad Vraflic Chaeradinms Reseorch cnd Develuporant i
provide State and local Mghway apencies with o Iond for aisembling o sigm inveriory aod
miRTa g ) integrared sign manczeenr proeram. The 8AMS allows for the tracking
gt sysrematic inspection of signi shecting age ard condition. The SME will po heyond
yimply o stgm mverntory. AModels to predice wlien o sign is likely ro reed replecement will
b dzelvecled [0 s sist cgerciey with thelr mairrenarce and inspectian pragrams. The key
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resulis af Ferertly compicied resedych ave heine nsed fo uperade Fhe cLFPenT 5)sTer
o prgeiierive fool The ST will predicd pefrorefieerve levaly for Diservice siovis and
coprhinec wirh mipimum refroreflectiviny enfolefimey provice on escimded reploceMenT
clufe. Thiy will cexind ergermeies with lmiterd reyonoroes fr fpcaiing, fypeciing, and
repnlueingr v sigras wiltieol oee on Ne orger veriouy aeed of moiale renes,

Specification for Retroretlective Sheeting and Process Inks for Fraffic Contreol
By Pennsylania depertmene of 'Irans portation., d#93
Hepwrt Wumber: 374}

This specificarion cowers colnred, adbesive-fracked. Perrareflociive sheeting consisiing of
aptical feny elemenes embedded or suspesded vwithin o trarsparent Wearkherproof iuler
surfoce and desian to enfance sighitime visihility of sigrs. Transparent and opagee
Process iRy for prodiction applicarion to reflective shecting warerials by a divect o
Feverse silk-roreciing process ave qlzo caovercd. Material clavsificarion. requiremenis.
fests. test mezhods, color pegivemcnts, and qualin: asrurance pravizions are all inclided.

Suntmiary Renort of the Condition of Refiective Sirns in Californi

By California Dieparmcnt of Transportation, 1992

A sl mimber of repraseniative FigTe of Werioso plaees aver o farge ared were
exapireet  The Srefinge vhow thor ofthongsh Coliformio reguikey sion condnaclory qo viamps
the yeor of mostgfieitere o the oo with permaaerd ik, oalv de estimated SU% of the
siares reviewed fuve readuble deavey, These didey ure wfsn mameiacture dates of the slony,
oy install cletes, Differences fn perfirmonce delween process Iek performance,
relationsiipy betweir sigry locuttun el condition, ard orieatution are discwssed The
sigwrs were mecskred for reflecivity welng o Moded 208 Revrarefleciometer from
Acvarzeed Retro-Techrologe (ART,, D
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